Abstract A 5-year, 16-site, randomized controlled trial enrolled 170 HNC survivors into active (estim ? swallow exercise) or control (sham estim ? swallowing exercise) arms. Primary analyses showed that estim did not enhance swallowing exercises. This secondary analysis determined if/how patient compliance impacted outcomes. A home program, performed 2 times/day, 6 days/week, for 12 weeks included stretches and 60 swallows paired with real or sham estim. Regular clinic visits ensured proper exercise execution, and detailed therapy checklists tracked patient compliance which was defined by mean number of sessions performed per week (0-12 times) over the 12-week intervention period. ''Compliant'' was defined as performing 10-12 sessions/week. Outcomes were changes in PAS, HNCI, PSS, OPSE, and hyoid excursion. ANCOVA analyses determined if outcomes differed between real/sham and compliant/noncompliant groups after 12 weeks of therapy. Of the 170 patients enrolled, 153 patients had compliance data. The mean number of sessions performed was 8.57/week (median = 10.25). Fifty-four percent of patients (n = 83) were considered ''compliant.'' After 12 weeks of therapy, compliant patients in the sham estim group realized significantly better PAS scores than compliant patients in the active estim group (p = 0.0074). When pooling all patients together, there were no significant differences in outcomes between compliant and non-compliant patients. The addition of estim to swallowing exercises resulted in worse swallowing outcomes than exercises alone, which was more pronounced in compliant patients. Since neither compliant nor non-compliant patients benefitted from swallowing exercises, the proper dose and/or efficacy of swallowing exercises must also be questioned in this patient population.
Introduction
Radiation therapy (RT) is a standard therapeutic modality in the multidisciplinary management of head and neck cancer (HNC). With advances in RT delivery, patients have experienced lower mortality rates [1] and improved locoregional control, but may be left with devastating sequelae of their cancer therapy. As many as two-thirds of HNC patients are left with permanent swallowing problems, and dysphagia symptoms can deteriorate for several years post treatment [2] [3] [4] . The dysphagia impacts nutrition, hydration, and pulmonary health, and can leave patients with significantly diminished quality of life. The long-term morbidity associated with RT is of increasing importance as patients develop human papilloma virus (HPV)-associated oral and pharyngeal cancers at younger ages than their HPV negative counterparts [5, 6] . These patients may have many years of productive life after their cancer treatment, so adequate data supporting the efficacy of dysphagia therapies is critical in the context of both pretreatment counseling and survivorship programs.
Speech language pathologists prescribe various swallow and non-swallow exercises and interventions in an attempt to rehabilitate the dysphagia caused by the HNC treatment. Three common swallow exercises include the Effortful swallow [7, 8] , Mendelsohn maneuver [9] , and the supersupraglottic swallow [10] [11] [12] . They are often prescribed to ''strengthen'' the muscles involved in swallowing so that they can overcome the resistance of fibrotic tissue and to reverse any atrophy that may have occurred during radiation therapy. Despite common prescription of such exercises, little is known about their efficacy. Another more contested but highly sought after treatment for dysphagia is electrical stimulation (e-stim) [13] . Despite an aggressive marketing campaign for this product, it has no good efficacy data in the head and neck cancer population [14, 15] . Accordingly, the authors embarked on a multi-center clinical trial aimed at determining the efficacy of e-stim, and secondarily the aforementioned swallow exercises [16] . In this original clinical trial, 170 patients (Table 1) were randomized into active and sham e-stim groups in a 2:1 ratio, respectively. All patients received an aggressive swallowing therapy home program that entailed 5 min of stretches followed by 60 swallows performed in synchrony with real or sham e-stim. This program was performed twice per day, 6 days per week, for 12 weeks. The e-stim device used was the BMR NeuroTech 2000 (Galway, Republic of Ireland) because of its highly customizable settings.
The primary outcomes in the clinical trial included the penetration aspiration scale (PAS) [17] , oropharyngeal swallow efficiency (OPSE) [18] , hyoid excursion, head and neck cancer inventory (HNCI) [19] , and performance status scale for head and neck cancer (PSS) [20] . These were measured at baseline, middle of therapy and at completion of the 12-week home therapy program. The primary analysis showed that the group that received active e-stim did not realize any better swallowing, quality of life, or diet outcomes as compared to the group that received sham e-stim. In fact, the sham group realized statistically significantly better PAS scores than did the active e-stim arm, with a difference of 0.52 (95% [CI] = 0.06-0.98; p = 0.027), although this difference was not clinically significant. Both groups reported significantly better diet and quality of life at the end of the clinical trial. The complete methods and results of this clinical trial are presented in the main paper by Langmore et al. [16] .
Given the absence of published research about how compliance affects efficacy of dysphagia therapy in the head and neck cancer patient population, the authors were interested in determining if patient compliance in this clinical trial affected the primary analyses. As with other clinical arenas that deal with rehabilitation, compliance is a very important and multifaceted issue that should be addressed in behavioral therapy programs. It is generally accepted that patients are motivated to comply with rehabilitation programs if their condition is acute and appreciably affects activities of daily living. For example, an injury that disrupts habitually tangible functions like walking may motivate a patient to comply with their rehabilitation program [21] . Conversely, less tangible conditions, like cardiac rehabilitation, may make a patient less likely to comply since their dysfunction does not appreciably inhibit their social lives [22] . Adherence to therapy may also depend on perceived efficacy of the exercise, intentions to follow the regimen, and goals that are set by the patient (and not necessarily the treating clinician) [23] . Positive attitudes among HNC patients have also been shown to influence exercise-based rehabilitation [24] .
These factors are very relevant to HNC patients who participate in dysphagia rehabilitation programs. The concept of ''swallowing therapy'' is an abstract one, and because eating and drinking may deteriorate slowly and progressively in HNC survivors, their dysfunction can lack the acuity that dramatically alters their daily routines. Combined with a lack of therapeutic efficacy, these factors may reduce motivation and compliance with their dysphagia therapy programs. In an attempt to determine how or if compliance affected the primary results of the clinical trial, a secondary analysis of the study data was performed.
In this secondary analysis, we determined if compliance influenced the negative results of this trial; whether patients who were more compliant realized better swallow outcomes as a result of either e-stim and/or swallowing exercises as compared to their less compliant counterparts. To do this, three main questions were analyzed. The first question was whether or not there was a difference in compliance between active and sham groups. The second question was whether non-compliance in one or both groups kept that group(s) from realizing the full therapeutic potential of the therapy program. In other words, had everyone been compliant, would the results be different when comparing real versus sham groups? The third question was whether compliant patients realized better swallowing outcomes after the 12-week swallow exercise therapy program as compared to their non-compliant counterparts, irrespective of whether they received the active or sham e-stim.
Methods
In the clinical trial, fidelity was maximized with three initial training visits after randomization in which study clinicians taught patients how to use the e-stim devise and how to perform the swallowing exercises and stretches. The study clinicians were SLPs who regularly treated head and neck cancer patients at their institution. Prior to enrolling any subjects, these SLPs were trained on the study specific clinical and regulatory protocols by the core research team. These treating SLPs ensured that all patients were competent in performing the home program independently before the start of the home program. Every 3 weeks, a follow-up clinic visit entailed reviewing the protocol to confirm continued competence and to ensure the device was in working order. Weekly calls from the treating clinician served to encourage both compliance and fidelity, answer any questions, and trouble shoot any problems between follow-up clinic visits. Patients recorded their performance of the home program by completing a detailed checklist during each home program session (see Fig. 1 ). The definition of ''compliant'' to the prescribed home program was retrospectively determined as a mean of 0-9.9 sessions per week for ''non-compliant'' and a mean of 10.0-12.0 session per week for ''compliant.'' The questions presented in the introduction were answered in the following manner. To answer the first question, a Chi squared statistic was used. To answer the second question, the primary analysis was repeated, but only with the compliant patients in each group. As in the primary analysis, an ANCOVA was used to measure differences in all primary outcomes (PAS, HNCI, PSS, OPSE, Anterior Hyoid Excursion and Superior Hyoid Excursion). To answer the third question, an ANCOVA was again used to measure differences in the aforementioned primary outcomes. The ANCOVA analyses controlled for between group differences in baseline measures of swallow performance, diet, quality of life, and any demographic covariates at the p \ 0.1 level.
For our outcomes of interest, the total, or composite PAS score, was the average of 14 PAS scores (one for each bolus swallowed minus the swallow in the AP projection). OPSE scores and hyoid excursion were calculated similarly. Total PSS scores were calculated as a mean of the three domain scores (diet, public, and speech). Total HNCI scores were also calculated as the mean of each domain scores (speech, eating, aesthetics, and social disruption).
Results
Of the 170 patients enrolled in this clinical trial, 153 patients had compliance data (Fig. 2) . The 17 patients who did not have compliance data withdrew before starting the program or were lost to follow-up before any outcome measures could be assessed. The mean number of sessions performed per week (max 12) over the course of the 12-week program was 8.57 sessions per week. The median number of sessions was 10.25 per week. Over half of patients (54%, n = 83) were deemed ''compliant'' (performing 80-100% of possible sessions), whereas 46% (n = 70) were characterized as non-compliant (performing less than 80% of possible sessions). Of note, with very few exceptions, if a patient started a therapy session they would complete the entire 60 swallow treatment session, so there was no need to account for partially completed sessions. The mean and median weekly compliance rates for enrolled subjects were remarkably stable for each of the 12 weeks of treatment for actively enrolled subjects (Table 2) . Patient demographics between compliant and non-compliant patients demonstrated no significant differences between groups (Table 3) .
With regard to whether or not there was a difference in compliance between the study arms, there was no significant difference in compliance rates between active (57% compliant) and sham (48% compliant) e-stim groups (p = 0.2958). For question 2, when re-analyzing the primary outcomes but only with compliant patients, there was a statistically significant difference in PAS scores after 12 weeks of therapy between active and sham groups (p = 0.0074). However, like in the primary analysis, it was the sham e-stim group that realized better PAS scores than the active e-stim group. In terms of raw PAS scores, the active NMES arm experienced a mean increase of 0.23 points where the sham NMES arm experienced a mean decrease of 0.71 points on the PAS scale ( Table 4 ). The adjusted difference in PAS score was significant (0.86 points; p = 0.0074). None of the other adjusted outcomes were significantly different between groups (p = 0.12-0.86) ( Table 5) .
For question 3, when pooling all patients and re-grouping them into compliant versus non-compliant groups to test if the swallowing exercises were of benefit irrespective of the e-stim therapy, the ANCOVA revealed no significant differences between compliant versus non-compliant groups on any of the outcome measures of interest after 12 weeks of therapy (p = 0.09-0.92) ( Table 5) .
Discussion
To date, the dysphagia rehabilitation literature lacks any consistency in therapy type, dose, or duration, and has inconsistently reported compliance definition and/or rates.
Not all studies comprehensively delineate their interventions, and often do not report (or only partially report) compliance, which limits the interpretability of their data [25] [26] [27] [28] [29] . Among the studies that completely or partially report compliance, the dose and type of interventions vary widely making comparisons on efficacy or dose effect difficult or impossible [30] [31] [32] [33] . Coupled with the fact that no dysphagia rehabilitation intervention has been proven efficacious in this patient population, no ''acceptable'' or ''target'' dose or frequency of dysphagia rehabilitation therapy exists. This, in turn, makes ''high'' or ''low'' compliance rates largely meaningless since they do not correspond to any differences in clinical outcome.
With a clear lack of consensus regarding optimal dose of swallow therapy and therefore acceptable compliance rates, the authors arbitrarily defined ''compliant'' in our cohort as having performed 80% or more of our prescribed home therapy program. Since over half (54%) of our patients were considered ''compliant'', it also allowed for sample dichotomization, especially since there was almost a threefold difference in mean number of therapy sessions performed per week between non-compliant and compliant patients (4.3 vs. 11.1, respectively). It was assumed that 0.14 such a difference could reasonably yield clinically and statistically relevant differences in outcome if the tested therapies were indeed efficacious. It was important to determine if compliance differed significantly between active and sham e-stim groups. By demonstrating that there was no difference in compliance rates between groups, non-compliance in the active e-stim arm could not have been the reason why the patients in the sham e-stim arm performed equal or better than the patients in the active e-stim arm. To test the theory of compliance rates affecting outcome further, we eliminated all noncompliant patients in a re-analysis of the primary statistical analyses. This was done to probe into whether or not similar non-compliance rates could affect one arm (active or sham) more than another, thereby skewing the primary analysis data. This repeated ANCOVA using only compliant patients revealed results that paralleled those in the initial primary analysis [16] . However, it also unexpectedly showed that the active e-stim arm realized even worse outcomes on PAS than had been revealed in the primary analysis that included all compliant and non-compliant patients. This tentatively suggests that the more compliant a patient is with active e-stim, the worse their swallowing could become as compared to a patient who is not using e-stim, but is receiving the same traditional swallow exercises. One theory may be that e-stim actually interferes with a person's ability to execute proper normal and exercise swallows, and thereby somehow weakens the swallow (or prevents strengthening) over time as compared to a patient performing the same exercise swallows with no e-stim. Further, while the primary analyses in the main paper revealed that the difference was likely not clinically significant (PAS difference of 0.52), this current analysis using only compliant patients revealed an adjusted difference in PAS scores of 0.86. This is almost a full point on the PAS scale which some people may argue is closer to a clinically meaningful difference (perhaps the difference between penetration and aspiration, or the difference between a normal swallow and a swallow that demonstrates penetration). Additionally, the raw data demonstrated that mean PAS scores for patients using active NMES increased from baseline while mean PAS scores for patients using sham NMES decreased from baseline. Collectively, these findings combined with the findings from the primary analyses suggest that e-stim should not be used with HNC patients who are greater than 3 months postradiation therapy and who are suffering from moderatesevere dysphagia.
With the understanding that e-stim does not help, and may even hinder a patient's swallowing ability, it was hoped that by regrouping all patients into compliant vs. non-compliant arms, the data would show some positive effects of compliance with the traditional swallowing exercises. This regrouping was possible since all patients received the same swallow exercises as part of the therapy program. Unfortunately, there were no significant differences in any of the swallow, diet and quality of life outcomes between these compliant and non-compliant patients. This is disappointing as it suggests that adhering to an aggressive swallow exercise rehabilitation program may not be of much benefit to HNC patients with moderate-to-severe long-term dysphagia. Unfortunately, it is also somewhat unsurprising since such dysphagia is caused by a fibrotic process that is thought to progressively entrap muscles [34] [35] [36] , and swallowing exercises likely have no effect on stopping or reversing this aberrant biomolecular process. We cannot, however, rule out the possibility that swallowing exercises slow the progression of swallowing dysfunction in this specific patient population. Nor can we rule out the possibility that some patients may be outliers that do realize significant benefits from such exercises. In the absence of post-RT dysphagia therapies with proven efficacy, dysphagic patients should still be encouraged to perform swallowing exercises, although they should be properly informed of both the rationale behind their use as well as their potential limitations. Doing so will prevent false hope or a sense of failure if a patient does not realize any benefit despite their ardent adherence to a prescribed dysphagia rehabilitation protocol. It is important to acknowledge the limitations of this secondary analysis. First, the original clinical trial was not powered a priori to specifically address outcome differences between compliant and non-compliant patients. The reanalysis of the primary outcomes with only compliant patients also had a sample size that was a little more than half of the original sample. Accordingly, for all of these secondary analyses, it is possible that a lack of statistical significance may have been attributed to an underpowered analysis. However, these outcomes are derived from the largest and most rigorously collected prospective clinical trial testing the efficacy of dysphagia therapy in the HNC population, so it likely represents our best evidence to date. Future clinical trials designed specifically to measure the impact of dysphagia treatment dose and compliance are warranted.
Conclusion
This secondary analysis reinforced the conclusions made in the primary analyses which demonstrated that electrical stimulation did not add any benefit to traditional swallowing exercises in HNC patients who suffer from long-term postradiation dysphagia. In fact, the patients who were most compliant in the active e-stim group performed even worse than the most compliant sham e-stim patients, raising the question whether e-stim has a potential negative effect in this patient population. Further, patients who were compliant with the swallowing exercises did not realize significantly better outcomes than non-compliant patients, suggesting that traditional swallow exercises may not be effective in this patient population either. Based on these results, e-stim should not be recommended in this patient population; clinical trials formally testing the efficacy of swallowing exercises should be undertaken, and efforts should be made to develop truly novel dysphagia therapy interventions that address the unique pathophysiology in HNC patients. 
